Atrial tachycardias after open heart surgery sometimes have complex reentrant circuits. A patient with a dualloop atrial reentrant circuit occurring after mitral valve replacement was evaluated by entrainment mapping with a basket catheter. The position of the catheter was adjusted to obtain atrial electrograms of the anterior and posterior septal areas, the crista terminalis, the free wall, and the tricuspid annular region. Entrainment mapping identified a dual-loop reentry consisting of one circuit around the tricuspid annulus and another around the septal atriotomy scar. The reentrant circuit around the septal incision was eliminated by ablating the area between the septal incision and the inferior vena cava, and the circuit around the tricuspid annulus was terminated with an additional linear ablation between the tricuspid annulus and the inferior vena cava. Entrainment mapping using a multielectrode basket catheter is very useful for identifying complex atrial reentrant circuits. (Circ J 2004; 68: 168 -171) 
t is sometimes difficult to determine the activation sequence of atrial tachycardia after open heart surgery using standard electrophysiologic techniques because of the complexity of the arrhythmic substrate. 1, 2 Electroanatomical mapping can identify the reentrant circuit, especially when the critical conduction pathway is wandering in the scarring zone, 3, 4 but it takes a long time to obtain a highdensity map and it is often difficult to evaluate the functional properties of delayed potentials (ie, whether critical or dead end). A multielectrode basket catheter enables rapid 3-dimensional (D) mapping of the reentrant circuits of atrial tachycardia and evaluation of the functional properties of delayed potentials. 5, 6 We used entrainment mapping with a multielectrode basket catheter to analyze and then successfully ablate a dual-loop atrial reentrant circuit occurring after open heart surgery.
Case Report Methods
A 58-year-old woman who had congestive heart failure because of severe mitral regurgitation, underwent mitral valve replacement, after which her exercise tolerance improved remarkably for 10 years. She then started to experience episodes of palpitation for which class I antiarrhythmic drugs were ineffective. Several months later, she was admitted to hospital for possible non-pharmacological therapy.
Electrophysiological Study An electrophysiological study was performed using standard electrophysiologic methods after informed consent was obtained. Anticoagu-lation was obtained with heparin (50 U/kg) and a 10Fr Mullins sheath was placed at the junction of the atrium and the superior vena cava and used to guide a 50-electrode (25 bipolar pairs) catheter (Webster-Jenkins Basket Catheter, Cordis-Webster, CA, USA) into the right atrium. Endocardial contact was adjusted by expanding the basket with a coaxial puller attached to the catheter tip. Each recording site was documented with cinefluorograms taken in the right and left anterior obliqueviews (Fig 1) .
Bipolar intracardiac electrograms filtered between 30 Hz and 500 Hz were simultaneously recorded and stored digitally on a Cardiolab system (Prucka Engineering, TX, USA) with a 12-lead surface ECG. All measurements were performed with the Cardiolab system at screen speeds of 100 to 200 mm/s using on-screen digital calipers. A programmable stimulator (Nihon-Koden SEC3102, Tokyo Japan) delivered 2 ms rectangular pulses at twice the diastolic threshold.
Intracardiac Mapping and Entrainment Studies During spontaneous tachycardia, the activation sequence was evaluated using multiple simultaneous atrial electrocardiogram recordings by the multielectrode basket catheter. Entrainment was induced from several right atrial sites at a cycle length that was 20-50 ms shorter than the tachycardia cycle length. The presence of fusion was evaluated using the endocardial activation sequence recorded from the multielectrode basket catheter, because the surface P wave was partially obscured by the QRS complex or the preceding T wave. Regions of previous surgical intervention were found by reference to the surgical report: 2 longitudinal surgical incisions at the right atrial free wall and the atrial septum.
Catheter Ablation After determining the critical isthmus of the reentrant circuit, a 7Fr diameter deflectable catheter with a 4 mm ablation tip (EP Technologies, CA, USA) was inserted through the right femoral vein. Ablation was performed between the distal electrode and a large-surface-area skin electrode by applying 550 kHz unmodulated radiofrequency (RF) current from a generator with temperature monitoring (EP Technologies). During the ablation, the RF energy was adjusted to obtain a catheter tip temper- ature from 50 to 55°C. At each site, RF energy was applied for 30 s, even if tachycardia did not terminate within 15 s. Current was applied for 60 s if tachycardia termination was observed during ablation. RF ablation lesions were targeted in an attempt to bridge barriers on either side of the isthmus.
Results
The intracardiac position of the multielectrode basket catheter is shown in Fig 1. Splines A, B and C were placed at the anterior septum, the posterior septum, and near the crista terminalis, respectively. Splines D and E were located at the right atrial free wall and the tricuspid annular region, respectively. Each spline had 5 craniocaudal bipolar recording sites from 1 to 5. During tachycardia, basket catheter recordings in the right atrium demonstrated electrical activity throughout the tachycardia cycle. The direction of excitation was craniocaudal in spline A and caudocranial in splines B, C, and D (Figs 2,3 ). From the intra-atrial view, the activation sequence during tachycardia was thought to have a counterclockwise loop around the tricuspid annulus, which shared a common channel with a clockwise loop around the septal atriotomy scar (Fig 4, Top left) .
Entrainment from the posteroseptal region (Fig 2, Left ) showed that the last captured excitation was directed upward in spline B (posterior region of septal atriotomy scar) and then downward in spline A (anterior region of septal atriotomy scar). The excitation was conducted through the tricuspid isthmus (E5) to the right atrial free wall in an upward direction (splines C and D) (Fig 4, Top  right) . Entrainment from the cavotricuspid isthmus (Fig 2,  Right) demonstrated that the last captured beat was conducted through the tricuspid isthmus (E4) to the right atrial free wall in an upward direction (splines C and D). The excitation was conducted downward through the upper portion of the tricuspid ring (E1) to the anterior atrial septum (spline A) and then upward to the posterior atrial septum (spline B) (Fig 4, Bottom left) . These observations suggested a dual-loop reentry consisting of one circuit around the tricuspid annulus and another around the septal atriotomy scar.
Radiofrequency energy was applied first to the area between the inferior border of the septal atriotomy scar and the inferior vena cava. After a single application, the activation time in spline B increased and the activation sequence suddenly changed to an identical tachycardia cycle length with no intervening pause (Fig 3, Left) . No changes in the activation sequence were seen in the other splines except in the lower portion of spline C (Fig 4, Bottom right) . Applying additional RF energy to the cavotricuspid isthmus (Fig 3,  Right) successfully ablated the remaining tachycardia (reentry around the tricuspid annulus). Fig 4 summarizes the activation sequences in schematic form. 
Discussion
Entrainment mapping using a multielectrode basket catheter identified a dual-loop reentry consisting of one circuit around the tricuspid annulus and another around the septal atriotomy scar. The reentrant circuit around the septal incision was terminated by ablation of the area below the septal incision, after which the atrial flutter around the tricuspid annulus was eliminated with a linear lesion between the inferior vena cava and the tricuspid annulus as performed in cases of common atrial flutter.
Atrial tachycardias after open heart surgery sometimes have a complex arrhythmic substrate and although electroanatomic mapping is useful for mapping the reentrant circuit, it has limitations when used for entrainment mapping. The present case suggests that entrainment mapping using a basket catheter will best reveal the dynamic relation of dual-loop reentrant circuits. Although the degree of resolution and the shape of basket catheters limits the accuracy of measurement, entrainment mapping using a basket catheter is a potentially useful technique for evaluation of complex atrial tachycardia.
Multielectrode Basket Catheter
In a clinical study, Triedman et al analyzed atrial reentry using a computer-assisted combination of bipolar electrograms recorded with a multielectrode basket catheter and spatial locations of the electrode pairs derived from digitized biplane fluoroscopic reference points. 6 They demonstrated activation sequence maps of atrial tachycardia after palliation of congenital heart disease.
In the present case, multiple recordings with a multielectrode basket catheter combined with entrainment pacing enabled rapid evaluation of the activation sequences. Appropriate positioning of the multielectrode catheter is essential when evaluating the dynamic behavior of these circuits. With 5 splines, we could record electrograms from the anterior septum, the posterior septum, the crista terminalis, the free wall, and the tricuspid annulus simultaneously. The opposite activation sequences in the anterior septum (spline A) and the free wall (spline D) suggested a reentry around the tricuspid annulus. However, the activation sequences in the anterior septum (spline A) and the posterior septum (spline B) were also opposite. According to the surgical report of the present case, there may have been another reentrant circuit around the septal atriotomy scar.
To demonstrate the presence of concealed entrainment, it is important to visualize the P wave; however, the surface P wave is small and may be obscured by the QRS complex or the preceding T wave. In the present case, the endocardial activation sequence evaluated using the multiple-electrode basket catheter was very useful, although the stability of the basket catheter's position was not completely confirmed. During concealed entrainment from the inferior septal region, most of the activation sequences were the same as spontaneous tachycardia, except in the upper portion of spline C. The activation time of C2 changed slightly during entrainment (Fig 2) . One possible explanation for this is that the anatomical relationship between the upper portion of spline C and the high right atrial wall might have changed during entrainment pacing.
Interestingly, the activation sequence of the last captured excitation revealed a reentry around the septal atriotomy followed by another reentry around the tricuspid annulus. During tachycardia, the prolonged activation time from B1 to A1 (upper part of the septal reentry circuit) suggested a conduction disturbance in the high septal area. Although we could not locate the upper limit of the septal incision line, there may have been anatomical barriers, including a surgical incision and scarring, in the high septal region.
Dual-Loop Atrial Reentry
Dual-loop atrial reentrant tachycardia occurring in patients after surgical atriotomy has been reported by Shah et al 7 who performed complete tachycardia mapping with a 3-D electroanatomical mapping system and found 5 tachycardias, which had a counter clockwise loop around the tricuspid valve, shared a common anterior channel with a clockwise loop around the right free wall atriotomy scar. Ablation in the cavotricuspid isthmus transformed the tachycardia without pause into a different ECG morphology tachycardia. They mentioned that transformation of a reentrant tachycardia in the surface ECG might be the gold standard for a dual-loop reentry circuit. However, when we ablated the isthmus between the inferior vena cava and the septal atriotomy, we did not observe any significant surface ECG change because the resulting change in the atrial activation sequence was limited to the posteroseptal atrial area (spline B). After septal isthmus ablation, the activation sequence in spline C changed only in the lower portion. This was because the upper portion was located anterior to the crista terminalis (the free wall area) and the lower portion was located posterior to the crista terminalis (the posteroseptal area). During catheter ablation, it is easier to detect localized changes in the activation sequence of a dual-loop atrial tachycardia using atrial mapping with a multielectrode basket catheter. In the present case, there were at least 2 surgical incisions, located in the atrial septal area and the right atrial free wall area, and so the patient may have a third reentrant circuit related to the free wall incision line. Fortunately, after ablating the septal and cavotricuspid isthmus, we were unable to induce any other atrial reentry circuits using programmed atrial stimulation techniques.
